Introduction
Diisophorone (A) and its analogues are com pounds based on the tricyclo [7.3.1 .017]tridecane ring system (B). Insertion o f nitrogenous centres into this carbon skeleton results in polycyclic bases, from which several groups o f physiological ly active com pounds are derived. These include, amongst others, the quinolidizine alkaloids [2] (e.g. cytisins C, angustofolin D) and synthetic an algesics (e.g. 1,5-m ethano-1,2,3,4,5,6-hexahydrobenzazocines E [3] , 6,7-benzomorphanes F [4] ), es tablishing, in the latter examples, a link to the morphine structure [5] , Tricyclo [7.3.1.02-7] tridecanes deriving basic properties from peripheral nitrogenous substituents are exemplified by the 1-aminodiisophoranes (e.g. G), formed by amino- Verlag der Zeitschrift für N aturforschung. D-7400 Tübingen 0932-0776 91 0400-0530 $01.00 0 lysis of their 1-bridgehead halogeno-analogues [6] . We now describe their 3-position isomers, ob tained by a different approach. In referring to compounds of the diisophorone series, we continue to use our simplified nomenclature [7] , in which the systematic name of the saturated parent hydro carbon (5,5,9,11,11-pentamethyltricyclo-[7. 3.1.02-7]tridecane) is replaced by the concise term "diisophorane", and the molecule is num bered as shown in A.
Results and Discussion
Cyclohexylamine is obtainable from cyclohexanone by reduction of its oxime, both catalytically [8] and by the action of metals [9] . The reac tion, which has been utilized for the production of amino-derivatives of terpenes [10] , steroids [11] and numerous other structures [12] incorporating carbocyclic keto-moieties is here applied to the synthesis of aminotricyclo [7.3.1.02 7] tridecanes.
3-Oximinodiisophor-2(7)-en-l-ol (3), readily obtained from the parent a-ketol (1) , was reduced by sodium in ethanol, or by lithium alum inium hy dride in tetrahydrofuran to afford the 3-amine 6 in good yield. The free base forms a mobile liquid isolable by vacuum distillation, but becomes in creasingly viscous below ca. 60 C and gradually sets to a glass-like resin at room tem perature. Be cause of its poor keeping qualities, it is isolated and stored advantageously in the form of its stable salts or N-substituted derivatives. The m ethod is generally applicable, as shown by its extension to the production of selected homologues (7, 15, 17) o f the prototype 6.
The action of formaldehyde -hexamethylenetetramine [13] reconverted the amine 6 into the original ketoxime 3, confirming the preservation o f both the structure and conform ation of the car bon framework in the interconversions, as is in deed observed in most reactions of diisophorones.
Acylation of the 1,3-hydroxyamines (6, 7, 15) occurred exclusively at their primary 3-aminogroup. The prototype 6 gave the 3-acetamido de rivative 8, regardless of the excess of the acylating agent employed. Several acylamido-derivatives, obtained in good yield by conventional proce dures, afforded stable crystalline derivatives (9 -1 2 , 14, 16 ) from the labile liquid bases. N-A lkylation occurred on treatment of 6 with trityl chloride, yielding 13. The presence of the free 1-hydroxy-bridgehead group in each of these de rivatives was indicated by the persisting hydroxylpeaks in their IR spectra and, more decisively, by the l?C N M R spectral evidence (see below).
The am ino-group of 6 underwent normal addi tion reactions with phenyliso(thio)cyanate and diphenylcarbodiimide, resulting in the substituted (thio)ureas (18, 19) and the guanidine 20. The es tablished facile cyclodehydration of products of this type to condensed tetracyclic structures was exemplified by the conversion, in high yield, of the thiourea 19 into the substituted 8,1 la-m ethanocycloocta[d,e][3.l]benzthiazine 21 by boiling trifluoroacetic acid. The possible formulation of the product as the isomeric methanocycloocta[d,e]-quinazoline (21a) is disfavoured, since it implies the participation of the anilino-rather than the more accessible mercapto-hydrogen in the cyclization. The preferred structure 21 is, moreover, sup ported by the ,3C N M R data (see below). It is not ed, that 21 may assume other tautomeric forms (not shown); its conjugated nature is reflected in its intense absorption in the UV range. The present cyclization is thus a further variant of our general m ethod of incorporating a 1,3-thiazine- [14] , pyrimidine- [15] or pyrazole-ring [16] into the tricyclotridecane structure.
Stereochemistry. Although a single 3-substituent may assume two conform ations in the diisopho rane structure, the 3-amines and their functional derivatives are, according to their physical proper ties, sterically uniform. In particular, their 13C N M R spectra did not contain closely spaced signal pairs indicative of the presence of stereoisomers (compare ref. [17] ). The accepted three-dimensional diisophorene structure, with its 14 ax methyl group above the approxim ate plane of rings A/B, retains some conform ational flexibility about C (3)-C (4), giving rise to two possible conform a tions o f ring A, one of which approaches a boat conform ation and is disfavoured. In the alterna tive preferred quasi-chair conform ation, the 3-substituents do not take up true axial or equato rial positions, but are disposed approximately symmetrically with respect to the average plane of the partially flattened ring A (Fig. 1 ). Molecular models suggest that a 3a-substituent, situated be-low the rings A/B, may be subject to less steric hindrance than a 3/j-substituent, and the 3 «-con figuration of the present amines and their func tional derivatives may be tentatively proposed on these grounds.
13C N M R spectra
The l3C N M R spectra of the 3-aminodiisophorenes are readily correlated with the structures of the individual compounds. They are discussed expediently by reference to the 3-acetamido-derivative 8, the spectrum of which is interpreted satis factorily by its comparison with the fully assigned spectra of model structures [17] [18] [19] , especially that of the parent ketol 1 [18] (supplied in Table I for reference). It shares its salient spectral charac- teristics with those o f the other 3-amino com pounds, thus serving as the prototype for inter preting the spectra o f the group as a whole.
The replacement o f the 3-keto by the 3-amino function modifies the shielding o f the skeletal car bon atom s at and near this position. The 3-carbon of 8 (and its analogues) produces a doublet of chemical shift com parable with that of the corre sponding centre in cyclohexylamine (<5C-i ' 50.4 ppm [20, 21a] ). The resonances of the carbon atom s flanking the 2,7-double bond, now no long er part of an «,/?-enone system, are nearly equal ized, the singlets appearing in the range of alkylat ed cyclohexenes [22] .
The chemical shifts o f the remaining carbon atoms o f ring A (C-4, 5, 6) undergo slight upfield displacements consistent with their increased shielding associated with the replacement of the proximate electron-attracting 3-keto group. Com parable shifts are observed on passing from cyclohexanone to cyclohexylamine, affecting the car bon atom s adjacent and proxim ate (o-and m-) to the functional group [20, 21a, b, 23] , It is further recalled that removal by reduction of the 3-keto function in diisophorones ()C = 0 -> C H 2) results in similar, even more distinct responses [1] . The signals of carbon atom s more remote from the structural change (especially C-9, 10, 11 and the peripheral methyl carbons) are little affected: their resonances conform to the established general p at tern for tricyclo [7. 3.1.02 7]tridecanes [17] [18] [19] ,
The shieldings of the 1-bridgehead-carbon in the 3-acetamido com pound 8 and its analogues (ö, 71-73 ppm) indicate the presence of the free 1-hydroxy group [17] [18] [19] , confirming the 3-amino centre as the exclusive site of the acylation (to 8 -1 2 ) and alkylation (to 13). In the hydroxyoxime 3, however, it is the 1-hydroxyl group that is acetylated preferentially: the 1-bridgehead carbon of the resulting m onoacetate 4 resonates in the range of the 1-acetoxy-(ca. 80 ppm [18] ) rather than the 1-hydroxy-bearing carbon (ca. 72 ppm [18] ).
The peripheral attachm ents of the derivatized 3-amines produce the expected additional signals. Those of the aromatic moieties were identifiable by reference to the standard spectra o f aniline [24] and benzamide [25] , The two benzene rings of the diphenylguanidino com pound 20 produced indi vidual signals, appearing as closely spaced linepairs, but those of the triphenylmethyl group o f 13 are structurally so far equivalent as to produce coincident signals of correspondingly increased in tensity. The signal of C -l' is identifiable by its three-fold intensity over those of the other singlets. However, the enhanced arom atic doublets are offscale, so that C-4' cannot be distinguished, as usual, by its lower intensity: the proposed assign ment o f these very closely spaced doublets follows provisionally the custom ary order of their chemi cal shifts [22] , The shielding of the methylene car bon of the benzyloxycarbonyl group in 12 ((5, 67.0 ppm) matches that in substituted urethanes R(CH2)vC H 2O C O N H C O C C l3 (Ö, 6 3 -6 8 ppm [26] ) which incorporate a com parable structural moiety.
M inor deviations from the otherwise rem ark ably consistent shieldings throughout the series are observed in the case o f the parent amine hydro chloride 6, and are attributable to polarization of its C 3 -N bond in the aqueous medium (D 20 ) . Such "protonation shifts" in signals of carbon atom s near the basic centre of amines are well doc umented [20] . In the present case, the observed downfield displacement of the C-3 doublet reflects an electron depletion at this position in the salt 6, while further small changes (confined to C-l and ring A) are thought to be the result of associated inductive effects. However, the structural and steric interactions within the threedimensional con densed structure 6 are too complex to permit the prediction of calculated protonation shifts [20] for com parison with the observed values.
The spectra of the (thio)ureido and guanidino derivatives (1 8 -2 0 ) conform closely to the pattern of all the 3-amino com pounds, most of their carbocyclic centres deviating in chemical shift by less than 1 ppm from the norm. Their exocyclic (thio)carbonyl and amidine carbons produce sin glets in the established range of thioureas [27, 28] , ureas [28, 29] and such com parable guanidines as guanosine [21c] and 3,21-dehydro-1-guanidinodiisophora-2,7-dien-3-ols (H [15] ).
H J
The spectrum o f the cyclodehydration product of 19 favours, on balance, the condensed 1,3-thiathiazine (21) rather than the alternative thionopyrimidine structure (21a): Thus, the singlet of the original 1-bridgehead carbon (of 19) moves into the narrow range (4 5 -4 7 ppm) established for the relevant model methanecyclo[d,e][3. l]benzothiazines (J [14] ). Since the corresponding singlet of com parable [d,e]quinazolines (H) appears con sistently at lower field (5 3 -5 4 ppm [15] ), the py rimidine form ulation 21a is disfavoured. The con clusion is supported by the disappearance of the distinct thiocarbonyl signal (S, 178.4 ppm) of 19, which, in a carbocyclic thiourea (such as 21a) should be merely displaced to lower field (ISO-183 ppm [28, 30] ).
Experimental
General. The equipment used in the determ ina tion of the spectral data has been specified in pre ceding parts [1] , together with general inform ation concerning reagents, solvents etc.-, m .p .s are un corrected. [7] (a) A solution of diisophor-2(7)-en-l-ol-3-one ("diisophorone" (1), 2.76 g, 10 mmol) and hydroxylamine hydrochloride (0.87 g, 12.5 mmol) in etha nol (30 ml) -pyridine (6 ml) was boiled under re flux for 2.5 h. H alf the solvent was distilled off un der reduced pressure and the residual liquid stirred into ice-water. The precipitated resin solidified on storage at 0 °C and gave, on crystallization from ether (20 ml per g, partial spontaneous evapora tion), glass-like plates, or from light petroleum (30 ml per g, recovery 80%), prisms (total, 2. 
3-O xim inodiisophor-2(7)-en-l-ol (3)

l-Acetoxy-3-oxim inodiisophor-2(7) -ene (4)
A stirred solution of the oxime 3 (2.91 g, 10 mmol) in acetic anhydride (35 ml) was treated dropwise at 0 C during 15 min with perchloric acid (60% w/v, 10 drops) dissolved in acetic an hydride (5 ml). The deep-yellow liquid was stored at 0 °C for 72 h, then stirred dropwise into ice (200 g) -40% aqueous sodium hydroxide (75 ml), and the precipitated resin isolated by ether extrac tion. Evaporation of the washed, dried (Na2S 0 4) extracts gave a pale-yellow resin, which was fil tered through alum ina (30 * 2 cm, solvent: light pe troleum, b.p. 4 0 -6 0 D C; elution with light petrole um -benzene 4:1, rising to 2:1), the process being halted before all the product had been eluted. Crystallization of the isolated product from ben zene -light petroleum, then from ethanol, gave elongated prisms ( 
3-Aminodiisophor-2( 7 ) -en-l-ol (6) (a)
By sodium reduction. A refluxing solution of the oxime 3 (5.82 g, 20 mmol) in absolute ethanol (45 ml) was treated during 1.5-2 h with sodium (4.2 g, 0.18 g.atom), more ethanol being added gradually (total, 15 ml) to maintain steady evolu tion of hydrogen. The pale-yellow liquid was slow ly neutralized with 3 M hydrochloric acid (33 ml, 100 mmol), the precipitated sodium chloride redis solved by addition of water (20 ml) and part of the solvent (50 ml) distilled off under reduced pres sure. The remaining two-phase liquid was further diluted with water (50 ml) and the product extract ed with ether (100 and 3 * 50 ml). The washed neu tral extracts were evaporated under reduced pres sure with successive addition of benzene (3 x 50 ml) to remove all the water.
The residual pale-yellow resin (5 -5 .5 g), dis solved in anhydrous ether containing 10% ethanol Alternatively, the crude base was dissolved in ethanol (8 -1 0 ml) and the cooled solution mixed with concentrated hydrochloric acid ( 3 -4 ml, 3 0 -4 0 mmol). The resulting clear warm liquid deposited the hydrochloride, m .p. 250-252 C on cooling (total, 55-62% ). The final filtrates con tained an orange yellow sticky uncrystallizable oil.
The foregoing hydrochloride (7.84 g, 25 mmol) was dissolved in nearly boiling water (100 ml) with addition of ethanol if necessary to complete solu tion (ca. 20 ml). The slightly turbid liquid was ad ded to a mixture of 3 M sodium hydroxide (100 ml) and benzene (100 ml) contained in a se parating funnel. Exhaustive extraction with more benzene (3x 100 ml), washing o f the extracts with water, decanting from droplets of water, and re moval of the solvent, finally in a vacuum, gave 6 quantitatively as a pale-yellow highly viscous resi due (which was suitable for further reactions). Vacuum distillation gave the amine 6 as a pale-yel low liquid, b.p. 177-180 C/8 mm Hg. The com pound is mobile above ca. 60 5C, but forms an al most glass-like sticky resin at room tem perature. It deteriorates fairly rapidly on storage, and, in com mon with its homologues 7, 15, and 17 is best stored in sealed tubes at low temperatures. Fractional distillation of the crude base directly (without previous isolation as hydrochloride) gave 6 in 5 5 -60% yield.
(b) By lithium aluminium hydride reduction. A stirred slurry of lithium aluminium hydride (1.90 g, 50 mmol) in anhydrous tetrahydrofuran (150 ml) was treated with a solution of the oxime 3 (2.91 g, 10 mmol) in the same solvent (70 ml) at a rate to m aintain gentle boiling. Refluxing was con tinued for 2 h, and the cooled Jiquid treated dropwise with 3 M sodium hydroxide until all the hy dride had been consumed. The granular precipi tate was filtered off, washed with hot tetrahydro furan, the combined filtrate and washings evaporated, the residual oil redissolved in ether, and the washed dried ethereal solution evaporat ed, giving the 3-amine 6 as a viscid residue (1.15 g, 68%) [further characterized as the /?-nitrobenzoyl derivative 10, m .p. and mixed m .p. 238-239 C, see below], (c) The reactant 3 was recovered (50%, by ether extraction after basification) when its boiling solu tion in ethanol (2 mmol in 15 ml) containing zinc wool (2 g) was treated with glacial acetic acid (2 ml) during 30 min, and refluxing continued for 1 h (procedure of Goldschmidt and Fischer [10] ).
Reconversion o f 6 into 3-oximinodiisophor-2(7 )-e n -l-o l(3)[13]
A solution o f freshly prepared 6 (1.38 g, 5 mmol) in tetrahydrofuran (20 ml) was succes sively treated dropwise with 40% aqueous form aldehyde (0.6 ml, 8 mmol), 12 M hydrochloric acid (0.65 ml, 8 mmol), and, after preliminary heating, with hexamethylene tetramine (0.70 g, 5 mmol) in water (3 ml). The solution was boiled under reflux for 1 h, the resulting deep-yellow liquid cooled, di luted with 3 M hydrochloric acid (25 ml), exhaus tively extracted with ether (extract A), then basified with 3 M sodium hydroxide (50 ml) and again ether extracted (extract B). Extract B contained re covered amine 6 (0.34 g, 25%). -The washed dried extract A gave, on evaporation, a yellow re sin (0.8 g) which was triturated with warm light pe troleum (b.p. 4 0 -6 0 °C, 4 -6 ml). The remaining solid (m.p. 168-172 C, 0.37 g, 34% based on 6 consumed) was 3, identified by mixed m .p. 174-176 °C and IR (after crystallization from ethanol).
-The use of more hexamine (8 mmol) and longer boiling (3 h) did not significantly improve yields. 
3-A m inodiisophor-2(7)-en-l-ol(6): Salts
3-Aminodiisophor-2( 7 ) -e n -l-o l(6): Derivatives
In the preparation of the derivatives 8 -1 3 , the amine was freshly prepared from its hydrochlo ride. (8) (a) A solution of 6 (0.83 g, 3 mmol) in benzene (18 ml) was successively treated with acetyl chlo ride (0.28 g, 3.6 mmol) and triethylamine (1 ml) and the resulting suspension refluxed for 1 h. After the removal of the benzene under reduced pres sure, the residual viscous oil was triturated with light petroleum (10-15 ml), the resulting white solid collected and washed with the same solvent, then water. The product (m. p. 184-185 °C, 0.88 g, 92%) gave, on crystallization from ethanol (5 ml, and dropwise addition of water, recovery 65%) (b) A solution of 6 (2,77 g, 10 mmol) in pyridine (10 ml) was treated dropwise with acetic anhydride (6.1 g, 60 mmol), the resulting orange-brown liquid kept at 100 °C for 1 h, then stirred into ice -con centrated hydrochloric acid (10 ml). The precipi tated gum hardened on being triturated with wa ter. It was covered with ethanol (5 ml) and set aside, finally at 0 C, depositing a white solid (2 g). Crystallization as above gave 8, m .p. 184-185 °C (1.35 g, 52%). (9) A solution of 6 (0.83 g, 3 mmol) in benzene (18 ml) was successively treated with benzoyl chloride (0.5 g, 3.6 mmol) and triethylamine (1 ml). The liquid, containing translucent crystal line solid, was refluxed for 1 h, after which most of the solvent was removed under reduced pressure. Toluene-p-sulphonyl derivative (11) A solution o f 6 (1.38 g, 5 mmol) in pyridine (10 ml) was slowly treated with toluene-/?-sulphonyl chloride (1.14 g, 6 mmol), the result ing deep-red liquid set aside at room temperature for 12 h, then stirred into ice -concentrated hy drochloric acid (10 ml). The reddish-brown crude material was stirred with cold ethanol (5 ml), giv ing a white solid. Crystallization from ethanol (10 ml per g, recovery 50%) gave felted micro needles (0. 
3-A cetyl derivative
3-Benzoyl derivative
Benzyloxycarbonyl derivative (12)
A stirred solution of 6 (2.77 g, 10 mmol) in an hydrous benzene (15 ml) -triethylamine (4 ml) was treated dropwise with benzyl chloroformate (1.71 g, 10 mmol) in benzene (10 ml Trityl derivative (13) A solution of 6 (0.55 g, 2 mmol) in anhydrous chloroform (5 ml) was treated successively with trityl chloride (0.56 g, 2 mmol) and triethylamine (0.7 ml). The pale-yellow liquid was set aside at room tem perature for 8 h, diluted with chloroform (50 ml), washed (water) and dried (sodium sul phate). The viscous oil remaining on removal of the solvent was triturated with warm methanol 
3-Am ino-l-ethoxydiisophor-2(7)-ene (15)
To a stirred warm slurry of lithium aluminium hydride (1.90 g, 50 mmol) in anhydrous tetrahydrofuran (140 ml, freshly distilled from LiAlH4), a solution of l-ethoxy-3-oximinodiisophor-2(7)-ene [32] (3.19 g, 10 mmol) in the same solvent (100 ml) was added at such a rate as to m aintain refluxing, which was then continued for 2 h. W ork-up as de scribed for 6 (see above) gave, as the crude prod-uct, a pale-yellow highly viscid residue, which produced on vacuum distillation, the 3-amino com pound 15 as a lemon-yellow oil, b.p. 134-136 °C/ 0.6 mm Hg (1.04 g, 68%). Resinous at room tem perature. C ,0H 3,NO (305.5) Calcd C 78.6 H 11.6 N 4.6, Found C 78.2 H l l . l N 4.5.
Its p-nitrobenzoyl derivative (16) , obtained from the freshly prepared base as described for 9, formed pale-yellow felted needles (54%), m .p. 
3-Am ino-5,1 l-bisnordiisophor-2(7 )-en -l-o l (7)
Lithium aluminium hydride reduction of 3-oximino-5,11 -bisnordiisophor-2(7)-en-1 -ol [7] (2.63 g, 10 mmol) by the foregoing procedure gave a crude resinous product (2.5 g), which afforded on vacuum distillation (using a steam-jacketed re ceiver) the 3-amino compound 7 
The 3-oxime 5 a (2.91 g, 10 mmol) was reduced with lithium aluminium hydride (2.28 g, 60 mmol) in anhydrous tetrahydrofuran (240 ml) and the amine isolated as described for 15 (above). Vacu um distillation of the crude resinous product (2.5 g, 90%) gave 17, b.p. 136-139 C /0.7 mm Hg as a very pale-yellow oil, but forming a resinous "glass" at room temperature. 
-(co-Phenylthioureido) diisophor-2( 7 ) -en -l-ol (19)
A solution of 6 (2.77 g, 10 mmol) in anhydrous benzene (40 ml), treated with triethylamine (3 ml) and phenyl isothiocyanate (1.35 g, 10 mmol), was refluxed for 1. 
3-(co-Phenylureido) diisophor-2 ( 7) -en-1 -ol (18)
The use of phenyl isocyanate in the foregoing procedure (1.20 g, 10 mmol in 80 ml benzene) gave a thick white suspension. The separated solid (3.5 g) was collected at 0 °C, rinsed with light pe troleum, washed by suspension in water and gave, on crystallization from ethanol (15 ml 3-( N ,N'-Diphenylguanidino ) diisophor-2 ( 7) -en-1 -ol (20) The use o f diphenylcarbodiimide (1.94 g, 10 mmol) in the foregoing procedure gave, on 20 mins' refluxing, a suspension o f a microcrystalline solid. This was collected at 0 °C and washed with light petroleum. Crystallization from aceto n eethanol (1:1, 100 ml per g, followed by partial evaporation, recovery 80%) gave felted needles
